By introducing an unbroken Z 2 symmetry in the Zee Model and extending it with two vector-like fermions, it is possible to explain non-zero neutrino masses and have a viable Dark Matter candidate. Within this framework we study the charged lepton flavor violating processes such as two-body ( j → i γ) and three-body ( j → 3 i ) lepton decays as well as μ → e conversion in nuclei. In particular, we give analytical expressions for j → i γ and derive the some predictions and constraints set on this framework from the above mentioned processes.
The Model
We extend the Zee Model introducing an unbroken Z 2 symmetry and adding two vector-like fermions, doublet and singlet under S U (2) . The new fields carry Z 2 charge and the dark matter (DM) candidate is the lightest neutral particle of the odd scalar doublet. The particle content and their charges are shown in Table 1 . The scalar potential is the same of the Zee Model [1] but with a Z 2 symmetry. The scalar fields at the electroweak scale can be parameterized as:
where v is the vacuum expectation value (vev) of the SM doublet. The Φ doublet does not acquire a vev in order to maintain Z 2 unbroken. We choose H 0 as the lightest scalar particle to be the DM candidate, expecting that the phenomenology is comparable to the Inert Doublet Model [2] . The charged scalar sector is a mix between {H ± , h ± } and the mass eigenstates are called κ ± 1 and κ ± 2 with a mixing angle δ.
On the other hand, the most general and invariant Yukawa Lagrangian can be written as:
where i, j are flavor indexes.
The new lepton spectrum consist of a neutral Dirac lepton N, with mass m N = M Ψ and two charged leptons, that are mixed and the mass eigenstates are called χ 1 and χ 2 with α as the mixing angle.
The neutrinos obtain mass radiatively as shown in [3] .
Model independent branching ratio for j → i γ
In order to simplify the analytical calculation of the j (p 1 ) → i (p 2 )γ(q) process, it is worth to write the general Lorentz decomposition of the decay amplitude ε * μ M μ in function of the chirality operators (P L , P R ) ex-plicitly [4] :
where ε * μ is the polarization of the outgoing photon, σ L,R are invariant amplitudes that are linear combination of the anomalous magnetic moment and electric dipole moment form factors and q = p 1 − p 2 . Here we have considered the electromagnetic gauge invariance (q μ M μ = 0), different initial and final states (i j) and that the fermions and the photon are on-shell (p 2 1,2 = m 2 1,2 , q 2 = 0, ε μ q μ = 0). For the above mentioned process the partial decay width is [4] 
The total decay width in the case of the μ → eγ process is mostly given by Γ(μ → eν jνi ) = m 5 j G 2 f /192 π 3 . Thus the model independent branching ratio in this case is given by:
For a general Yukawa interaction when the projectors in both vertex in Fig.1 (a) -1(b) are different, we find that the form factors are given by:
when the projectors in Fig.1 (b) are equal:
where σ P( i, j ) are form factors accompanying the chirality projectors associated with the leptons i, j respectively. For example, if the vertex associated to j has a P R , σ P( j ) = σ R . Φ is a scalar boson and Ψ is a fermion and the loop functions are F(x) = 2x 3 +3x 2 −6x+1−6x 2 log(x) 6(x−1) 4 and G(x) = x 2 −4x+3+2 log(x) 2(x−1) 3 . In cases (6)-(7) we have not taken into account σ P( j ) because it is proportional to the mass of the electron, which is negligible compared to the masses of the particles within the loop. Figure 1 : j → i γ as mediated by a loop having (a) a charged scalar and (b) a neutral scalar boson.
μ → eγ in this model
Since j → i γ with i j is a lepton flavour-changing process, it is strictly forbidden in the SM, but within the framework of this model there are new Yukawa interactions between the new particles and the SM leptons as well as a non-conserved lepton number due to the neutrino mixing matrix.
Since the final amplitude must have the form (3), the strategy is to ignore all terms that cannot be reduced to the dipole form factors. This means that there is no need to calculate the self-energy-type diagrams, so we only need to calculate the tree point functions as in Fig.1 (a)-1(b). In this model, the Yukawa interactions that contribute to the μ → eγ process are given by −L Y l ⊃ η iL i Φ + ρ iΨ Φe i R + f i L C i Ψh + and are related to both vertex-type diagrams: one in which the photon attaches to the charged scalars κ 1,2 ( Fig.1(a) ), corresponding to the couplings ρ i and f i , and another in which the photon attaches to the charged fermions χ 1,2 ( Fig.1(b) ), corresponding to η i and η i + ρ i .
For the first type of diagram, the contributions from the ρ and f Yukawa terms are given by (6) and while for the second type, the ones from η and ρ, are given by (7): 
Δ is in GeV and the grey dashed line is the experimental bound. (c) is a scatter plot for a splitting in the mass spectrum given by 5 GeV ≤ Δ ≤ 10 GeV, where the regions which satisfy μ, T i → e, T i and μ → 3e are green crosses and black circles respectively, which mostly overlaps, and the red region is for μ → eγ.
When we have one vertex coming from ρ and another from η, we have the same chirality projectors as in (8):
From (5), we have that the total branching ratio for the μ → eγ process in this model is:
where
Numerical results
The total branching ratio varies as a function of the Yukawa couplings as depicted in Fig.(2(a) ). If a degenerate mass spectrum is considered, Δ < 5 GeV, the η and f contributions interfere, decreasing the branching ratio and the minimum is achieved by a cancellation between the contributions of σ R f and σ R η . The branching goes down for higher masses inside the loop, as expected. This behavior is illustrated in Fig.(2(b) ) in function of the mass of the DM candidate.
The experimental restrictions for μ → e γ, μ → 3 e and μ − , T i → e − , T i in the viable parameter space are plotted in Fig.(2(c) ), where we can also see that f 1 ≤ 10 −1 and the process that is more restrictive is μ → e γ.
Conclusions
In this particular model we performed the calculation of μ → eγ, which we also checked numerically with SPheno [5] . The numerical result forbids Yukawa couplings η 1 and f 1 higher than 10 −1 . The experimental bound favors a degenerate mass spectrum. The least restrictive processes are μ − , T i → e − , T i and μ → 3 e, and the most restrictive process is μ → eγ. For all of these processes the couplings η 1 and f 1 must remain, approximately, under 10 −1 .
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